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(57) ABSTRACT 

In a method for transmission and reception over N trans 
mission channels, the transmitting Side performs orthonor 
mal transform processing of N-channel modulated Signals So 
that the resulting transformed output Signals have lower 
cross-correlation, and the transformed N-channel Signals are 
multiplexed and transmitted over the N-channels. At the 
receiving Side, the N-channel received Signals are Subjected 
to inverse orthonormal transform processing to obtain 
N-channel modulated signals, which are demodulated to 
obtain a digital signal. 
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METHOD AND APPARATUS FOR 
TRANSMISSION AND RECEPTION 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus 
for transmission and reception which Simultaneously permit 
highly Sophisticated channel and extremely Suppressed peak 
power caused by multiplexing of plural modulated Signals. 

In future telecommunications, to provide advanced mul 
timedia Services of offering Video, audio, or database con 
tents is expected. In transmission techniques for telecom 
munications improvement of channel quality and 
improvement of transmission Speed are indepensable to 
establish Such Services. 

With a view to enhancing the channel quality, there have 
been proposed a method of increasing the Signal energy on 
the channel, a method of utilizing channel coding, and a 
method of using diversity reception. 
To improve of transmission Speed, it is possible to use a 

method of Speeding up the code transmission rate and a 
method of utilizing high efficiency modulation. 
AS transmission techniques that Satisfies the both require 

ments of enhancement of the channel quality and the trans 
mission Speed, there are available Several methods, and from 
the viewpoint of circuit technology, parallel transmission 
technique using an error correcting Scheme is effective. The 
usefulness of the error correcting Scheme decreaseS required 
Eb/NO (the energy per bit-to-noise spectral density ratio), 
making it possible to economize devices used and increase 
the channel capacity. The reduction of the code transmission 
Speed per Single carrier through the parallel transmission 
Scheme could be implemented by present circuit technology. 

The error correcting Scheme is, for example, an ARQ 
(Automatic Repeat request) or FEC (Forward Error 
Correction) Scheme. The parallel transmission Scheme is, for 
example, a multicarrier transmission, CDMA (Code Divi 
sion Multiple Access), or OFDM (Orthogonal Frequency 
Division Multiplex) scheme. 
The parallel transmission means employing the error 

correcting Scheme has Such problems as mentioned below. 
First, the usefulness of the error correcting Scheme causes by 
increasing the Signal bandwidth on the channel or decreasing 
the channel throughput, constituting an obstacle to effective 
usefulness of the channel. Second, multiplexing of plural 
modulated Signals causes by increasing the peak power of 
the combined Signal. To Settle the first and Second problems, 
Studies are being made of them individually. 

The first problem is being actively studied in terms of 
error correcting Scheme, and the Second problem in terms of 
a peak power reducing Scheme. To reduce the peak power, 
there have been proposed So far a method of adjusting the 
initial phase of carrier (Shouichi Narahashi and Toshio 
Nojima, “Initial Phase Setting Method for Reducing Peak to 
Average Power Ratio (PAPR) of a Multitone Signal.” IECEJ 
Proc. B-II, No. 11, pp. 663–671, November 1995), a method 
of Searching for combinations of possible Signals and taking 
Some measures (Japanese Pat. Applin. Laid-Open No. 
504175/94, “Method for Reducing Peak to Average Power 
Ratio in QAM Communication System'), a method of 
detecting the peak power and multiplexing Signals in a 
manner to reduce the peak (Shigeru Tomisato, Hiroshi 
Suzuki, “Envelope Smoothing Parallel Modulation 
Demodulation System,” IECEJ Technical Bulletin RCS95 
77, September 1995), and a method that a signal correspond 
ing to an error correcting Symbol is newly Sent as a channel 
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2 
for Suppressing the peak power (Wilkinson T. A. and Jones 
A. E., “Minimization of the peak to mean envelope power 
ratio of multicarrier transmission Scheme by block coding.” 
Proc. IEEEE VTS pp. 825–829, 1995). These conventional 
Schemes have, however, defects that the number of carriers 
for parallel transmission is large and that they cannot be 
applied to an arbitrary input Signal. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a method and apparatus for transmission and reception 
which permit reduction of the peak power of a combined 
Signal without depending on Statistical properties of the 
input Signal and without increasing the number of channels 
for parallel transmission. 

Another object of the present invention is to provide a 
method and apparatus for transmission and reception which 
realizes enhancement of the quality of the channel for 
parallel transmission. 

According to a first aspect of the present invention, the 
transmission apparatus comprises: modulation means for 
modulating each of N-channel parallel digital signals, N 
being an arbitrary integer equal to or greater than 2; and 
orthonormal transform means for Subjecting N-channel 
modulated Signals from the modulation means to Orthonor 
mal transform processing to generate N-channel trans 
formed Signals of lower cross-correlation. 

According to a Second aspect of the present invention, the 
reception apparatus comprises: inverse orthonormal trans 
form means Supplied with N-channel Signals from N trans 
mission channels, for Subjecting the received N-channel 
Signals to transform processing inverse to the orthonormal 
transform processing to generate modulated Signals of the 
corresponding N channels, and demodulation means for 
demodulating the N-channel modulated Signals output from 
the inverse orthonormal transform means to generate 
N-channel digital Signals. 

According to a third aspect of the present invention, the 
method for transmission and reception comprises the Steps 
of: 

(a) Subjecting N-channel modulated Signals to orthonor 
mal transform processing at the transmitting Side to 
generate N-channel transformed Signals of lower croSS 
correlation and transmitting them over N transmission 
channels, 

(b) receiving the N-channel transmitted signals at the 
receiving Side and Subjecting them to transform pro 
cessing inverse to the orthonormal transform process 
ing to obtain N-channel modulated Signals, and 

(c) demodulating the N-channel modulated Signals into 
N-channel digital Signals. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional transmitting 
apparatus of the type that multiplexes N-channel QPSK 
Signals; 

FIG. 2 is a diagram showing output signals from respec 
tive modulators and a combined signal in a complex plane 
when setting N=4; 

FIG. 3 is a graph showing the magnitude of a complex 
combined signal of 4-channel QPSK signals; 

FIG. 4 is a block diagram of a transmitting apparatus that 
performs QPSK modulation by a modulator 11; 

FIG. 5A is a diagram showing, in a complex plane, output 
Signals from a complex orthonormal transform part 13 in 
FIG. 4; 
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FIG. 5B is a diagram Showing, in the complex plane, a 
combined signal obtained by combining the complex 
orthonormal transform output signals of FIG. 4 by a com 
pleX adder part 12. 

FIG. 6 is a graph showing the magnitude of a complex 
combined signal obtained by combining Signals generated 
by Subjecting 4-channel QPSK Signals to orthonormal trans 
form processing using a DCT base in the transmitting 
apparatus of FIG. 4; 

FIG. 7 is a graph showing the magnitude of a complex 
combined signal obtained by combining Signals generated 
by Subjecting 4-channel QPSK Signals to orthonormal trans 
form processing using a WHT base in the transmitting 
apparatus of FIG. 4; 

FIG. 8 is a diagram for explaining distributed transmis 
Sion by a orthonormal transform part; 

FIG. 9A is a block diagram illustrating an embodiment of 
the transmitting apparatus according to the present inven 
tion; 
FIG.9B is a block diagram illustrating an embodiment of 

the receiving apparatus according to the present invention; 
FIG. 10A is a block diagram illustrating the configuration 

of an orthonormal transform part 13 in FIG. 9A; 
FIG. 10B is a block diagram illustrating the configuration 

of an inverse orthonormal transform part 22 in FIG. 9B; 
FIG. 11A is a block diagram of the transmitting apparatus 

of FIG. 9A which is provided with transmitting filters; 
FIG. 11B is a block diagram of the receiving apparatus of 

FIG. 9B which is provided with receiving filters; 
FIG. 12 is a block diagram illustrating another embodi 

ment of the present invention; 
FIG. 13 is a graph showing the relationship between the 

peak-to-average power ratio in the embodiment of FIG. 12; 
FIG. 14 is a block diagram illustrating another embodi 

ment of the present invention adapted for parallel transmis 
Sion; 

FIG. 15 is a graph showing the relationship between a 
Symbol error rate and a carrier-to-noise power ratio in the 
embodiment of FIG. 14; 

FIG. 16 is a block diagram illustrating the configuration 
of the transmitting apparatus of FIG. 8A when it is applied 
to a multicarrier transmission System; 

FIG. 17 is a block diagram illustrating the configuration 
of the receiving apparatus of FIG. 8B when it is applied to 
the multicarrier transmission System; 

FIG. 18 is a graph showing the relationship between the 
peak power of a signal obtained by multiplexing 4-channel 
QPSKsignals and the correlation coefficient between signals 
of the respective channels, 

FIG. 19 is a graph showing the relationship between the 
peak power of a signal obtained by multiplexing 4-channel 
QPSK signals after subjecting them to orthonormal trans 
form processing using the WHT base and the correlation 
coefficient between transformed signals of the respective 
channels, 

FIG. 20 is a graph showing the relationship between the 
peak power of a signal obtained by multiplexing 4-channel 
QPSK signals after subjecting them to orthonormal trans 
form processing using the DCT base and the correlation 
coefficient between transformed signals of the respective 
channels, 

FIG. 21 is a block diagram illustrating a transmission/ 
reception System when the present invention is applied to 
multicarrier transmission over a transmission line formed by 
an optical fiber cable; 
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4 
FIG. 22 is a block diagram illustrating a transmission/ 

reception System when the present invention is applied to 
multicarrier transmission over a transmission line formed by 
a metallic cable; 

FIG. 23 is a block diagram illustrating a transmission/ 
reception System when the present invention is applied to 
base band transmission over a transmission line formed by 
a metallic cable; and 

FIG. 24 is a graph for explaining the effect of the present 
invention applied to 4-channel multicarrier transmission 
using the QPSK Scheme. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To explain the principles of the present invention accord 
ing to its first aspect, there is shown in FIG. 1 the basic 
configuration of a conventional transmitting apparatus. In 
this example, an input Signal of each channel is a bit String, 
which is shown to be QPSK-modulated by a modulator 11 
into a complex base-band Signal V(Ia,Qa). N-channel input 
Signals are modulated by N modulators 11 to 11 forming 
a modulating part 11, respectively, into modulated Signals 
U(Ia,Qa) of i-th channels, and these N-channel modulated 
Signals are combined by a complex adder part 12 into a 
complex combined signal U(It,Qt). In this instance, the 
N-channel input Signals may be independent signals or 
Signals obtained by converting a Serial Signal into parallel 
form. 

In FIG. 2, there are shown in a complex plane the 
modulated Signals output from the modulators 11 to 11 
when the number of channels N=4, i.e. The complex base 
band signals (Ia,Qa) in this case and the complex combined 
Signal U(It,Qt) output from the complex adder part 12. The 
modulated signals each have a phase I/4, 37L/4, 5L/4, or 7L/4 
and all have the same amplitude, but the amplitude value of 
the complex combined signal U(It,Qt) differs with combi 
nations of complex base-band Signals output from the modu 
lators and, theoretically, it is in the range between 4 to 0. 
FIG.3 shows the amplitude value of the complex combined 
Signal by every combination of the complex base band 
signals output from the modulators when N=4. Form FIG. 3, 
it will be seen that the maximum and minimum amplitude 
values of the complex combined signal are 4 and Zero. 

FIG. 4 shows in block form a complex Signal combining 
apparatus corresponding to the apparatus of FIG. 1 So as to 
explain the fundamental principles of the present invention 
according to its first aspect. AS is the case with FIG. 1, there 
are provided a modulating part 11 composed of N modula 
tors 11 to 11 for modulating N-channel input signals and 
a complex adder part 12 for complex-combining N-channel 
modulated Signals, i.e. complex base-band Signals in this 
example. This example differs from the prior art example of 
FIG. 1 in that a complex orthonormal transform part 13 is 
interposed between the modulators 11 to 11 . The com 
plex orthonormal transform part 13 inputs there into 
N-channel modulated signals uo(t) to uv (t) and outputs 
them So that the cross-correlation between the N-channel 
transformed outputs Vo(t) to Vy(t) is lower. This is intended 
to decrease the peak power of the complex combined signal 
that is output from the complex adder part 12. 

FIG. 5A shows, in a complex plane, a transformed Signal 
v(Ib,Qb) that is output from the complex orthonormal 
transform part 13 when N=4 in FIG. 4. When the modulated 
Signal is Subjected to complex orthonormal transform 
processing, the amplitude of the transformed Signal does not 
always take a constant value nor does its phase take a value 
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(2n+1)7L/4. Hence, the amplitude value of the transformed 
Signal differs from the amplitude value of the complex 
base-band signal depicted in FIG. 2. The complex combined 
signal of such transformed signals is shown in FIG. 5B, 
which shows loci of the conventional complex combined 
signal U(It,Qt) depicted in FIGS. 1 and 2 and the complex 
combined signal Vt(It,Qt) based on the principles of the 
present invention. The peak power of the complex combined 
Signal according to the present invention is Smaller than that 
of according to the prior art. 

In FIGS. 6 and 7, there are shown amplitude values of 
complex combined signals of all combinations of the com 
plex base-band Signals from the modulators when N=4, 
calculated using a WHT (Walsh-Hadamard Transform) base, 
and a DCT (discrete Cosine Transform) base that is an 
approximation of a KLT (Karhunen-Loeven transform) base, 
as the orthonormal base in the complex orthonormal trans 
form part 13. FIG. 6 shows an example using the DCT base, 
and FIG. 7 shows an example using the WHT base. In the 
latter case, the amplitude value of the complex combined 
Signal is 2.0. In the former case, the amplitude value of the 
complex combined signal varies from a minimum value of 
1.0 to a maximum value of 3.0. AS in the case of using the 
DCT base, the amplitude value of the complex combined 
Signal may Sometimes vary owing to the orthonormal base 
actually used. This is because the DCT base is an approxi 
mation of the KLT base. 
With the Signal processing Scheme of the present 

invention, the peak power of the complex combined signal 
that results from multiplexing of plural modulated waves is 
equal to the Sum of average powers of the respective 
modulated waves. 

Next, a description will be given of the principle of an 
error correcting effect that is given by distributed transmis 
Sion according to the Second aspect of the present invention. 
FIG. 8 shows the principle of the distributed transmission 
according to the present invention, which is predicated on 
multicarrier transmission for convenience of explanation. 
Conventionally, independent information is transmitted for 
each channel, but according to the present invention, the 
N-channel modulated signals uo(t) to uv (t) output from the 
modulator 11 are orthonormal-transformed by the orthonor 
mal transform part 13 into Signals Vi of the respective 
channels, on which the original N-channel modulated Sig 
nals uo(t) to u_1(t) are Superimposed as Schematically 
depicted in FIG. 8. In comparison with the conventional 
multicarrier transmission, even if a signal partly drops out in 
any one or more N-channel caused by fading, the transmis 
Sion or Send Signal can be reconstructed to Some extent by 
an inverse orthonormal transform part 22 through utilization 
of the Signals of the other remaining transmission channels 
at the receiving side. The some effect by the disturbed 
transmission is equivalent to improvement of the transmis 
Sion performance by using an ordinary error correcting code; 
therefore, the distributed transmission according to the 
present invention produces a kind of error correcting effect. 
Now, a description will be given of a frequency diversity 

effect that is obtained as a result of the distributed transmis 
sion from the orthonormal transform part 13. Since the 
number of channels in which Signals drop out caused by 
frequency Selective fading can be reduced by greatly spacing 
out carrier frequencies of modulators of plural channels, the 
drop-out Signal can be reconstructed or restored using the 
Signals of the remaining channels as referred to previously. 
Thus, it is possible to prevent the transmission performance 
from deterioration by frequency Selective fading channel. 

While the above has been described qualitatively, it will 
be described quantitatively using mathematical expressions. 
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6 
FIG. 9A shows block form an embodiment of the present 
invention applied to a transmitting apparatus 100, which 
employs one or more modulators 11. The numbers of input 
Signals N to and output signals N from the orthonormal 
transform part 13 are the same as the number of modulated 
Signals multiplexed. A mathematical representation of the 
operation of the orthonormal transform part 13 is a Orthonor 
mal transform matrix. In the present invention, an Orthonor 
mal transform part by the orthonormal transform base is 
used So as to keep constant the average power of the 
transmission signal before and after its orthonormal trans 
form processing. Letting the vector of the input Signal into 
the orthonormal transform part 13 at time t be represented by 
u(t), a complex base-band Signal in an i-th transmission 
channel by u(t) (where i=0,1,...,N-1), an NxNorthonor 
mal transform matrix by A, an element (i,j) of its complex 
number by a the vector of the orthonormal transform base 
by a, the vector of the output from the orthonormal trans 
form part 13 by V(t), and a complex output signal in the i-th 
transmission channel by V(t) and letting T represent a 
transposition, 

doo do. 60N-1 (2) 

d10 d11 (1N-1 

A = 
dio (ii, (ii,N-1 

(N-10 (N-11 (N-1N-1 

a;=(aia;1 . . . aw–1) (3) 

v(t)=vo(t) v1(t) . . . vy (t) (4) 

v(t)=Au(t). (5) 

The orthonormal transform matrix A of Eq. (2) has the 
following properties: 

(6) 

where 8, is 1 when i=j and 0 when is, H is a complex 
conjugate transposition, * is a complex conjugate, E is a unit 
matrix and p(t) is a square of the absolute value of an n-th 
output signal V(t) at time t. The input signal vector u(t) is 
transformed by the orthonormal transform matrix A into the 
output signal vector V(t). Based on Eq. (9), the signal power 
before and after the transform processing is preserved. Then, 
the input signal U.(t) is transformed by the orthonormal 
transform matrix So that the cross-correlation coefficient 
between input signals to a multiplexing part 14 is reduced. 

Next, a description will be made of orthonomal of ele 
ments of the output Signal vector by the complex orthonor 
mal transform part 13 according to the present invention. 
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Letting a correlation matrix of the output signal vector V(t) 
be represented by R(t), 

where R(t) is a correlation matrix of the input signal vector 
u(t). In general, R(t) that is a real Symmetric matrix of a 
non-negative definite value can be transformed by a proper 
orthonormal transform Scheme into a diagonal matrix R(t) 
having positive elements as given by the following equation 
(11). 

pi(t) O . . . O (11) 

O pi(t) . . . () 
R(t) = : 

O O 

0 0 . . . pi_1(t) 

By diminishing the cross-correlation matrix (11) between 
modulated Signals that are multiplexed at certain point in 
time, the peak power of the multiplexed Signal can be 
reduced. This will be described later on. 

FIG. 10A shows the circuit configuration of the orthonor 
mal transform part 13 that implements the NxNorthonormal 
transform matrix. AS shown, the orthonormal transform part 
13 comprises multipliers 1M, (where i=0, 1, ... N-1 and 
j=0,1, . . . , N-1) for multiplying coefficients at of the 
orthonormal base and adders 1A, . . . , 1A. The adder 
1A of the i-th channel adds together the input signals uo(t) 
to uv (t) weighted by coefficients allo, ..., a w- to obtain 
the output signal V(t). The orthonormal transform process 
ing is performed through a Suitable Selection of the coeffi 
cients aolo, . . . , away 1 that are matrix elements. Such a 
numerical operation can be implemented by a computer. It 
is also possible to conduct the matrix calculation mathemati 
cally by a computer. 
The output signals vector V(t) from the orthonormal 

transform part 13 are multiplexed by a multiplexing part 14 
into one carrier, which is Sent to a receiving apparatus 200 
of FIG. 9B over the channel. The thus transmitted multi 
plexed Signal is usually added with noise on the channel. 
Letting the vector of the received signal band-limited by a 
low-pass filter be represented by y(t) and the noise vector on 
the channel by n(t), the vector y(t) of the received signal that 
is input into the receiving apparatus 200 is expressed by the 
following equation. 

The receiving apparatus 200 comprises a detection part 
21, an inverse orthonormal transform part 22 corresponding 
to the orthonormal transform part 13 in FIG. 9A and a 
demodulation part 23. The inverse orthonormal transform 
part 22 carries out the transformation expressed by an 
inverse matrix of Eq. (2). Letting the output signal vector of 
the inverse orthonormal transform part 22 by Z(t) and its 
element by a complex number Z(t), 

(13) 

(14) 

The modulated signal vector u(t) can be derived by the 
inverse orthonormal transform part 22 from Eq. (14). 

FIG. 10B shows the circuit configuration of the inverse 
orthonormal transform part 22 that implements an NXN 
inverse orthonormal transform matrix. AS shown, the inverse 
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8 
orthonormal transform part 22 comprises multipliers 2M, 
(where i=0,1,...,N-1 andj=0,1,...,N-1) for multiplying 
coefficients at of the inverse orthonormal transform base 
and adders 2A, . . . , 2A, . The adder 2A of the i-th 
channel adds together the input signals u(t) to uv (t) 
weighted by coefficients allo, . . . , a, to obtain the 
output signal V(t). The coefficients a, is a complex con 
jugate of the coefficient a. The inverse orthonormal trans 
form processing is performed through a Suitable Selection of 
the coefficients aolo, . . . , a 1-1 that are matrix 
elements. Such a numerical operation can be implemented 
by a computer. It is also possible to conduct the matrix 
calculation mathematically by a computer. 
The noise vector in Eq. (14) is transformed into a vector 

multiplied by the inverse matrix which is the inverse 
orthonormal transform part 22. The thus transformed noise 
vector is an inverse-orthonormal-transformed version of the 
vector n(t) as expressed below by Eq. (15). 

where <> is a time average and of, is a variance of the noise 
vector of an n-th channel. The variance of the inverse 
orthonormal-transformed noise vector of Eq. (15) is the 
Same as the variance of the original noise Vector at time t. 
Hence, no degradation of the transmission performance is 
caused by the inverse orthonormal transform means in an 
ideal Static channel. The inverse-orthonormal-transformed 
received signal Z(t) of each channel is demodulated by the 
demodulation part 23 to obtain the transmitted digital signal. 

In FIGS. 9A and 9B, the multiplexing part 14 and the 
detection part 22 may be omitted, in which case the modu 
lated Signal output from the orthonormal transform part 13 
is Sent intact, as a base-band Signal, over the N-channel and 
received by the inverse orthonormal transform part 22. 

Furthermore, as indicated by the broken lines in FIGS. 9A 
and 9B, there are cases where a Serial-to-parallel converter 
15 is connected to the input side of the modulation part 11 
and where a parallel-to-Serial converter 24 is connected to 
the output side of the demodulation part 23. 
A description will be given of limitation of the transmis 

Sion band in the case of using transmitting filters. FIG. 11A 
shows a configuration in which transmitting filters 15 to 
15 for preventing inter-channel interference are con 
nected to the outputs of the modulators 11 to 11 of the 
transmitting apparatus of FIG. 9A. Each transmitting filter 
15, is band-limited as predetermined. Now, let an M-order 
complex impulse response of the transmitting filter 15, be 
represented by h and the input and output vectors of the 
transmitting filter 15i in the i-th channel from the current 
back to time M by U.(t) and U'(t), respectively. 

Based on Eq. (19), the output vector u'(t) of the trans 
mitting filter 15, is band-limited by its impulse response h. 



US 6,178,158 B1 
9 

The transmitting filter output vector u'(t) of Eq. (19) is feed 
into the orthonormal transform part 13. The output vector 
V(t) of the orthonormal transform part 13 is as follows: 

v(t)=AU'(t) (20) 

Noting the i-th channel, 

W (21) 
V;(t) = Xainu, (t) 

O 

The u'(t) in Eq. (21) is band-limited by Eq. (19). The 
element at of the orthonormal transform matrix A that is Set 
in the orthonormal transform part 13 is a coefficient which 
does not frequency as a variable. Consequently, the band of 
the i-th channel output V(t) from the orthonormal transform 
part 13, given by Eq. (21), is equal to a set u'(t) (where n=0, 
. . . , N-1) of all outputs from the transmitting filters 12 to 
12 . For this reason, the signal transformation by the 
orthonormal transform part 13 according to the present 
invention will not cause the defects of expansion and 
reduction of the transmission band. 

The receiving apparatus shown in FIG. 11B has, as in the 
case of FIG. 9B, the detection part 21, the inverse orthonor 
mal transform part 22 and the demodulation part 23 
(demodulators 23 to 23). In FIG. 11B, receiving filters 
25 to 25 are interposed between the respective outputs 
of the inverse orthonormal transform part 22 and the 
demodulation part 23. The receiving filters 25 to 25 
have the Same complex impulse response characteristic as 
that of the transmitting filters 15 to 15 in FIG. 10A. The 
output vector Z(t) of the inverse orthonormal transform part 
22 is given by the following equation: 

The i-th channel output signal Z,(t) from the inverse 
orthonormal transform part 22 is given as follows: 

Letting the i-th channel receiving filter output be repre 
Sented by Z’,(t) and the i-th channel receiving filter input 
vector from the current back to time M by Z(t), 

For Eq. (26), the receiving filter output signal Z(t) is 
band-limited by the receiving filter impulse response h. 

By connecting the transmitting filters to the input Side of 
the orthonormal transform part 13 and receiving filters to the 
output Side of the inverse orthonormal transform part 22 as 
described above, the transmitting filters and the receiving 
filters can be used as route roll-off filters. 

The orthonormal transform matrix in the present inven 
tion needs only to satisfy Eqs. (5), (6), (7) and (9). On this 
account, plural orthonormal transform matrixes can be used. 
By hidden from this orthonormal transform matrix from 
other users, it is possible to provide increased Security of 
communications. 

Next, a concrete example of the characteristic of the 
orthonormal transform part will be described. A description 
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will be given of the peak power Suppression effects and the 
transmission performance on a Static communication chan 
nel in the cases of the orthonormal transform part 13 using 
the DCT base and the WHT base. FIG. 12 shows in block 
form the transmitting apparatus of the present invention used 
to check the peak power by computer Simulations. The input 
digital Signal is converted by a Serial-to-parallel converter 9 
into N-channel parallel digital signals, which are QPSK 
modulated by the modulators 11 to 11 and then Sub 
jected to Orthonormal transform processing by the Orthonor 
mal transform part 13, and the transformed outputs are 
added together, thereafter being transmitted. FIG. 13 shows 
the results of computer Simulations of the peak power 
Suppression effects by the orthonormal transform processing 
by the orthonormal transform parts 13 using the DCT base 
and the WHT base, respectively. The abscissa represents the 
number N of carriers multiplexed and the ordinate the peak 
to average power ratio. For FIG. 13, by using the DCT base 
and the WHT base, the peak to average power ratio can be 
made about 4.5 dB when eight carriers are multiplexed. 

In FIG. 15, there are shown the results of computer 
Simulations of the influence of noise of the transmission 
System according to the Second aspect of the present inven 
tion wherein carriers are not multiplexed, the multiplexing 
part and the detection part are left out and the N-channel 
base-band Signals are transmitted and received intact as 
shown in FIG. 14. The abscissa represents the carrier to 
noise ratio by Gaussian noise in the channel line and the 
ordinate a Symbol error rate. Noises in the respective chan 
nel are simulated by adding white Gaussian noises from 
noise Sources 7 to 7 by adders 6 to 6 . It is Seen from 
FIG. 15 that the transmission performance on the present 
invention using to the DCT and WHT bases does not 
degradation. The same goes for the transmission perfor 
mance when the multiplexing part and the detection part are 
employed. The transmission and reception System of FIG. 
14 is applicable, for example, to N-channel wired transmis 
Sion. The receiving apparatus 200 has a parallel-to-Serial 
converting part 24 connected to the output of the demodu 
lation part 23. 

In the transmission and reception System of FIG. 14, a 
digital Signal of a single String is fed into the transmitting 
apparatus 100, wherein it is converted by the serial-to 
parallel converting part 9 into digital Signals of N channels 
(four channels in this example), which are modulated and 
Subjected to orthonormal transformed processing by the 
orthonormal transform part 13, and the four-channel trans 
formed outputs are Sent over the four-channel transmission 
channel. 

In the receiving apparatus 200, the N-channel received 
Signals are Subjected to inverse orthonormal transform pro 
cessing by the inverse orthonormal transform part 22 and the 
transformed outputs are demodulated. The thus demodulated 
N-channel base-band Signals are converted into a one 
channel digital Signal by a parallel-to-Serial-converting part 
24 connected to the output of the demodulation part 23. 

Next, a description will be given of an embodiment of the 
multicarrier transmission System according to the present 
invention. FIGS. 16 and 17 shows block form the transmit 
ting apparatus 100 and the receiving apparatus 200, 
respectively, in the case of applying the present invention to 
the multicarrier transmission System. The transmitting appa 
ratus 100 is made up of the modulators 11i (where i=0,... 
.N-1) into which digital signals #1 to #N are input, the 
orthonormal transform part 13, the transmitting filters 15, 
and digital-to-analog (D/A) converters 16. The modulators 
11 forming a modulating part 11 receive different digital 
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Signals and modulate them in amplitude, phase or frequency. 
The plural modulator outputs are fed to the orthonormal 
transform part 13. The orthonormal transform part 13 pro 
ceSSes the input signals by a predetermined matrix in Such a 
manner as to decrease the cross-correlation coefficient 
between the transformed output signals Vo(t) to Vy(t). Each 
output signal V(t) is converted by the D/A converter 16, into 
analog form. The analog signal is mixed by a frequency 
mixer MIX, with a carrier from a carrier oscillator OSC, into 
a radio-frequency Signal. In a power combining part 14 Such 
radio-frequency Signals of N channels are combined, there 
after being amplified by a power amplifier 17 and transmit 
ted via an antenna ANT. 

In the receiving apparatus 200 (FIG. 17), the radio 
frequency signal received via an antenna ANT and a 
low-noise amplifier 26 is power divided by a power divider 
part 27 into N channels, then the divided Signals are each 
mixed by a mixer MIX, with a carrier from a carrier 
oscillator OSC, and the mixed signal is applied to a band 
pass filter 29, to obtain a base-band signal. The received 
base-band signal is converted by an A/D converter 29, to a 
digital signal, which is fed via a receiving filter 25 to the 
inverse orthonormal transform part 22 for inverse orthonor 
mal transform processing. The inverse transformed output is 
demodulated by the demodulator 23, into data Signals. In this 
way, in the case of the multicarrier transmission System, the 
number of carriers used is the numbers of rows or columns 
of the orthonormal transform matrix. 
Now, the relationship between the cross correlation coef 

ficient and the peak power in the 4-channel QPSK trans 
mission will be described. The correlation matrix R(t) of 
the input signal vector u(t) in the orthonormal transform part 
13 at time t according to the present invention is as follows: 

In general, no orthogonality is retained between elements of 
the vector u(t). On this account, Eq. (27) is usually expressed 
as follows: 

uto(t)u (t) (28) uto(t)u (t) 

R(t) = ii (Du- (t) 

ity 1 (t)it(t) it w_1(t)ii (t) . . . it w(t)ii (t) 

The cross correlation coefficient Y(t) of each element (i,j) 
of the correlation matrix R(t) of Eq. (28) at time t is 
defined as follows: 

Based on Eq. (29), the overall cross correlation coefficient 
T(t) is defined as follows: 

(29) 

W W 

yi;(t) where i + i. 
O O i 

In FIGS. 18, 19 and 20, there are shown the results of 
calculations of the peak power in the 4-channel QPSK 
transmission in the cases where no orthonormal transform 
processing is involved as in the prior art, where orthonormal 
transform processing is performed using the WHT base and 
where orthonormal transform processing is performed using 
the DCT base, Eq. (30) being used as an evaluation param 
eter. In these examples, it is assumed that the base-band 
Signals are simply multiplexed. 
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In FIG. 18, the abscissa represents the cross correlation 

coefficient given by Eq. (30) and the ordinate the peak 
power. As is evident from FIG. 18, when the cross correla 
tion coefficient is 0, the peak power is 4.0W, equal to the 
Sum of average power values in the respective channels. The 
croSS correlation coefficient is -0.3 while the peak power is 
0. The cross correlation coefficient is 1.0 while the peak 
power is 16. Thus, in the case of the 4-channel QPSK 
transmission, the peak power depends on the croSS correla 
tion of the modulated waves that are multiplexed. 
The abscissa and ordinate in FIG. 19 are the same as those 

in FIG. 18. This is an example of using the WHT base as the 
orthonormal transform base. The input Signals used are the 
same as in the case of FIG. 18. AS will be seen from FIG. 
19, when the cross correlation coefficient is 0, the peak 
power is 4.0 W. Thus, when the WHT base is used, the 
peak power and the Sum of the average power values of the 
input Signals are in agreement with each other. Furthermore, 
the croSS correlation coefficient does not vary. This is 
because the orthonormal transform part 13 orthogonalizes 
the input signals. 
The abscissa and ordinate in FIG.20 are the same as those 

in FIG. 19. This is an example of using the DCT base as the 
orthonormal transform base. The input Signals used are the 
same as in the case of FIG. 18. AS is evident from FIG. 20, 
too, the correlation coefficient in the range of -0.33 to 0.35 
is in proportion to the peak power. The graph indicates that 
the peak power can be decreased by the present invention; 
namely, the maximum peak power in FIG. 18 is 16 Win 
the FIG. 18 prior art example, whereas in FIG.20 it is 8W). 
AS mentioned above, according to the present invention 

that decreases the correlation between the modulated Signals 
to be multiplexed, the peak power of the multiplexed modu 
lated Signal can be made Small. 

In FIGS. 10A and 10B, the transmitting filter 15 and the 
receiving filter 25 are shown to be connected to the input 
side of the orthonormal transform part 13 and the outputside 
of the inverse orthonormal transform part 22, respectively, 
whereas in FIGS. 16 and 17 the filters 15 and 15 are shown 
to be connected to the output Side of the orthonormal 
transform part 13 and the inputside of the inverse orthonor 
mal transform part 22, respectively. Now, a description will 
be made of operations in FIGS. 16 and 17. 

Let the M-order complex impulse response of the trans 
mitting filter 15 be represented by h, the output vector of the 
orthonormal transform part 13 by V(t), the output signal 
vector of the orthonormal transform part 13 from the current 
back to time M by V(t) and the transmitting filter output 
W(t). 

In Eq. (34), the transmitting filter output w(t) in the i-th 
channel is subject to band limitation by the M-order com 
pleX impulse response h. 

Let the M-order complex impulse response of the receiv 
ing filter 25 be represented by h as is the case with the 
transmitting filter 15, the output Signal vector from the mixer 
MIX of the i-th channel from the current back to time M by 
Z(t) and the transmitting filter output w(t). 
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In Eq. (35), the receiving filter output w(t) in the i-th 
channel is subject to band limitation by the M-order com 
pleX impulse response h. 

In some of the embodiments described above no particu 
lar mention has been made of the type of channel for the 
transmitting and receiving System, but in the case of using 
a radio-frequency carrier, the channel may be space or a 
metallic cable. With the usefulness of electrooptic transduc 
ing techniques, an optical fiber cable can also be used. A 
description will be given of typical transmitting and receiv 
ing Systems that employ the optical fiber cable and the 
metallic cable, respectively. 

FIG. 21 illustrates an embodiment of a parallel transmis 
Sion System employing an optical fiber cable 31. The trans 
mitting apparatus 100 is made up of the modulator 11, the 
transmitting filter 15, the Serial-to-parallel converting part 
19, the orthonormal transform part 13, a transmitting part 10 
and an electrooptic transducer E/O. The transmitting part 10 
has the Signal multiplexing part 14 and the frequency 
converting part MIX. The receiving apparatus 200 is made 
up of an optoelectronic transducer O/E, a receiving part 20, 
the inverse orthonormal transform part 22, the parallel-to 
Serial converting part 14, the receiving filter 25 and the 
demodulator 23. The receiving part 20 has the frequency 
converting part MIX and a demultiplexing part 27. The 
demultiplexing part 27 for demultiplexing the multiplexed 
Signal is formed by a band-pass filter for a signal multi 
plexed in terms of frequency, by a despreader for a signal 
multiplexed using a spreading code and by a wavelength 
detecting filter for a signal multiplexed in terms of wave 
length. 

The information signal to be transmitted is modulated by 
the modulator 11. The transmitting filter 15 is implemented 
by digital Signal processing and performs shaping of the 
modulated Signal into a waveform optimum for transmission 
over the channel. The Serial-to-parallel converting part 9 
converts the digital signal train output from the transmitting 
filter 15 into parallel Signals. The parallel digital Signals are 
simultaneously fed into the orthonormal transform part 13. 
The orthonormal transform part 13 processes the input 
digital Signals and outputs parallel digital Signals of 
decreased cross-correlation for fed into the transmitting part 
10. The transmitting part 10 multiplexes the input signals in 
terms of frequency, a spread code, or wavelength. The 
multiplexed Signal is converted by the electrooptic trans 
ducer E/O into an optical Signal, which is sent over the 
optical fiber cable 31 to the receiving apparatus 200. 

In the receiving apparatus 200, the received optical Signal 
is converted by the optoelectronic transducer O/E into an 
electrical Signal. The receiving part 20 demultiplexes the 
received signal multiplexed using frequency, spread code or 
wavelength. The demultiplexed signals are inversely trans 
formed by the inverse orthonormal transform part 22 and the 
inversely transformed output Signals therefrom are applied 
to the parallel-Serial converting part 24, wherein they are 
converted to reconstruct the digital signal Sequence. The 
thus reconstructed Signal is waveform-shaped by the receiv 
ing filter 25 and then demodulated by the demodulator 23. 

In the embodiment of FIG. 21, it is possible to remove the 
electrooptic transducer E/O and the optoelectronic trans 
ducer O/E and use a metallic cable in place of the optical 
fiber cable 31 to connect the output of the transmitting part 
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20 to the input of the receiving part 20. This embodiment 
permits parallel transmission using the orthonormal trans 
form processing. 
FIG.22 shows an embodiment of base-band transmission 

using the metallic cable. The transmitting apparatus 100 
comprises the modulator 11, the transmitting filter 15, the 
Serial-to-parallel converting part 9, the orthonormal trans 
form part 13 and a Switch SW1. The receiving apparatus 200 
comprises a Switch SW2, the inverse orthonormal transform 
part 22, the parallel-to-Serial converting part 24, the receiv 
ing filter 25 and the demodulator 23. 
The information signal to be transmitted is modulated by 

the modulator 11. The transmitting filter 15 is implemented 
by digital Signal processing and performs shaping of the 
modulated Signal into a waveform optimum for transmission 
over a metallic cable. The Serial-to-parallel converting part 
9 converts the digital Signal Sequence output from the 
transmitting filter 15 into parallel signals. The parallel digital 
Signals are simultaneously fed into the Orthonormal trans 
form part 13. The orthonormal transform part 13 processes 
to conversion from the input digital signals to outputs 
parallel digital signals of decreased cross-correlation, which 
are fed into the Switch SW1. The Switch SW1 selects the 
output signals from the orthonormal transform part 13 in the 
order of transmission over the channel 32. The output 
Signals are Sent after being Subjected to signal processing 
optimum for transmission over the metallic cable 32. 

In the receiving apparatus 200, the received signals Sent 
over the metallic cable 32 is A/D-converted into digital 
signals, which are applied to the Switch SW2 to reconstruct 
the parallel digital signal Sequence constructed at the trans 
mitting Side. The thus reconstructed digital Signal Sequence 
is inversely transformed by the inverse orthonormal trans 
form part 22, and the inversely transformed output signals 
are waveform shaped by the receiving filter 25, thereafter 
being demodulated by the demodulator 23. In this way, the 
base-band transmission using the Orthonormal transform 
Scheme can be carried out. 

FIG. 23 shows a modified form of the FIG. 22 
embodiment, in which an electrooptic transducer E/O is 
connected to the output of the Switch SW1, an optoelectronic 
transducer O/E is connected to the input of the Switch SW2 
and the optical fiber cable 31 is used in place of the metallic 
cable 32 to interconnect the transducers E/O and O/E. 

FIG. 24 shows the effect of the parallel transmission 
System of the present invention in the 4-multicarrier trans 
mission using the QPSK scheme. In FIG. 24, the abscissa 
represents the carrier-to-noise power ratio (CNR) by Gaus 
sian noise that is added to the Signal on the channel, and the 
ordinate represents the probability of symbol error. In an 
N-channel, the additive white Gaussian noises from noise 
sources 7 to 7 (FIG. 14) are provided by adders 6 to 
6. Computer Simulations additive white in Such a manner 
as described below. The CNR values in one channel for 
example, i=0, were fixedly set at 0, 4, 6 and 8 dB in a 
Sequential order and the GauSSiam noise levels to be pro 
vided from the noise Sources 71, 72 and 73 were controlled 
so that the CNR values in the other remaining channels 
i=1,2,3 became 0, 2, 4, ..., 12 dB with respect to the fixedly 
set CNR values of the channel i=0 as shown on the abscissa 
in FIG. 24. The calculation results of the probability of 
Symbol errors in the base-band digital Signal output in the 
receiving apparatus 200 in the cases of using the WHT base 
and the DCT base for the orthonormal transform processing 
in the orthonormal transform part 13 under the above 
mentioned conditions are broken lines connecting corre 
sponding Symbols are shown in comparison with the Solid 
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lines representing theoretical values of Symbol error prob 
ability in the cases of the present invention being not 
applied. The above-mentioned conditions are based on the 
assumption that the channel performance is Seriously dete 
riorated in one or more channels. The theoretical values P 

are calculated as P=(P+P.+P.+Ps)/4, where P represents 
probability of symbol errors for a channel in which channel 
quality is fixed, and P, P and P each represent probability 
of Symbol errors of the remaining three channels. 
As will be seen from FIG. 15, for example, when the fixed 

CNR value in the channel i=0 is 4 dB, the probability of 
Symbol error in the output base-band digital Signal from the 
parallel-to-Serial converting part 24 undergoes about the 
same change until the CNR values in the other three chan 
nels also reach 4 dB, irrespective of whether the present 
invention is applied or not, but when the CNR values in the 
channels i=1,2,3 exceed 4 dB, the probability of symbol 
error is not So much improved in the case of the present 
invention being not used, whereas in the case of applying the 
invention the probability of symbol error is further 
improved. The same goes for the cases where the CNR 
values in the channel i=0 are 6 and 8 dB. This means that in 
the transmission of N-channel modulated Signals over 
N-channel after orthonormal transform processing of the 
modulated Signals according to the present invention, even 
if the channel performance of one channel is degraded, the 
probability of symbol error in the received base-band digital 
Signal can be improved more than in the prior art that does 
not utilize the orthonormal transform Scheme. That is, it can 
be said that the present invention produces a kind of error 
correcting effect. 

EFFECT OF THE INVENTION 

AS referred to previously, the prior art has the defects that 
the number of carriers for parallel transmission increases 
and that various Schemes cannot be applied to arbitrary input 
Signals. The present invention obviates these problems as 
mentioned below in (a) and (b). 

(a) Increase in the number of carriers for parallel trans 
mission:It is evident that the use of the orthonormal 
transform part does not cause by increasing in the 
number of channels of the channel as indicated by Eq. 
(5). The peak power Suppression effect by the present 
invention is shown in FIG. 13. Hence, the present 
invention permits Suppression of the peak to average 
power ratio without increasing the number of channels. 

(b) Statistical properties of input signal: In the derivation 
of the principles of the present invention, Statistical 
properties of the input Signal are not defined as indi 
cated by Eq. (1). Therefore, the present invention 
allows Suppression of the peak to average power ratio 
that is increased by multiplexing of plural modulated 
Signals, without depending on the Statistical properties 
of the input signal. 

Additionally, the present invention produces the follow 
ing effects: 

(c) The information for transmission in parallel is trans 
formed by the orthonormal transform part into a form 
that is defined by an orthonormal transform matrix, and 
the information to be transmitted primarily over one 
channel is apparently distributed all over the channels, 
So that even if a Signal in one channel drops out, it can 
be restored or reconstructed to Some extent using Signal 
information in the other remaining channels. Hence, it 
is possible to offer a transmission System that is robust 
against variations in the performance of the channel. 
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(d) Since the orthonormal transform matrix is imple 

mented by digital signal processing, the circuitry can be 
Simplified. 

(e) Since the coefficients of the orthonormal transform 
matrix can be changed as required, it is possible to 
flexibly cope with Systems of various sizes. 

(f) Security of communications can be provided by hidden 
from the orthonormal transform matrix secret from 
others. 

(g) A diversity effect can be produced by distributed 
transmission due to orthonormal transform part. 

It will be apparent that many modifications and variations 
may be effected without departing from the Scope of the 
novel concepts of the present invention. 
What is claimed is: 
1. A transmitting apparatus comprising: 
modulating means for modulating carriers of N different 

frequencies with parallel digital signals of N channels, 
respectively, to produce N modulated Signals, Said N 
being an arbitrary integral equal to or greater than 2, 

orthonormal transform means for performing orthonormal 
transform processing of Said modulated Signals of N 
channels from Said modulating means in a manner to 
reduce the cross-correlation between transformed out 
put Signals and for outputting Said transformed Signals 
of N channels; and 

multiplexing means for multiplexing Said transformed 
Signals of N channels from Said orthonormal transform 
means to produce a multiplexed signal and for trans 
mitting the multiplexed signal. 

2. The transmitting apparatus of claim 1, further compris 
ing a transmitting filter for band limitation use connected to 
the input or output Side of Said modulating means. 

3. The transmitting apparatus of claim 1, further compris 
ing Serial-parallel converting means connected to the input 
Side of Said modulating means, for converting a Serial digital 
input Signal into Said N-channel parallel digital Signals for 
input into Said modulating means. 

4. The transmitting apparatus of claim 1, further compris 
ing, Switching means for Sequentially Selecting N-channels 
output signals from Said orthonormal transform means to 
output them in a Serial form; and electrooptic transducing 
means for transducing Said Serial signal from Said Switching 
means into an optical Signal and for transmitting it over an 
optical fiber cable. 

5. The transmitting apparatus of claim 1, further compris 
ing Switching means for Sequentially Selecting Said 
N-channel output Signals from Said orthonormal transform 
means to output them in a Serial form to a metallic cable. 

6. The transmitting apparatus of claim 1, wherein Said 
orthonormal transform means is transform means based on 
a WHT base. 

7. The transmitting apparatus of claim 1, wherein Said 
orthonormal transform means is transform means based on 
a DCT base. 

8. The transmitting apparatus of claim 1, wherein, letting 
the vector of an input signal into Said orthonormal transform 
means at time t be represented by u(t), a complex base-band 
Signal in an i-th channel by u(t) (where i=0, 1,...,N-1), 
an NxNorthonormal transform matrix to be implemented by 
said orthonormal transform means by A, an element (i,j) of 
its complex number by the vector of an orthonormal trans 
form base by a the Vector of the output from Said orthonor 
mal transform means by V(t), and a complex output signal in 
said i-th channel by V(t) and letting T represent a 
transposition, 
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and Said orthonormal transform matrix A Satisfies 

W 
- Clin (in = Öii 

where 6 is 1 when i=j and 0 when is and * is a complex 
conjugate. 

9. A receiving apparatus for receiving, through N 
channels, Signals having been Subjected to orthonormal 
transform processing in a transmitting apparatus and trans 
mitted therefrom Over the N channels, Said receiving appa 
ratus comprising: 

inverse orthonormal transform means for receiving Said 
Signals through N channels and for Subjecting the 
received signals of N channels to transform processing 
inverse to Said orthonormal transform processing to 
generate modulated signals which have been modu 
lated with carriers of different frequencies correspond 
ing to N channels, 

demodulation means for demodulating Said modulated 
Signals of N channels from Said inverse orthonormal 
transform means to generate digital Signals of N chan 
nels, and 

detecting means for detecting Said Signals of N channels 
to output baseband Signals for input into Said inverse 
orthonormal transform means. 

10. The receiving apparatus of claim 9, further comprising 
a receiving filter for band limitation use connected to the 
input or output Side of Said inverse orthonormal transform 
CS. 

11. The receiving apparatus of claim 9, further comprising 
parallel-to-Serial converting means connected to the output 
Side of Said demodulation means, for converting N-channel 
parallel digital Signals into one Serial digital signal. 

12. A receiving apparatus for receiving, through N 
channels, Signals having been Subjected to orthonormal 
transform processing in a transmitting apparatus and trans 
mitted therefrom Over the N channels, Said receiving appa 
ratus comprising: 

inverse orthonormal transform means for receiving Said 
Signals through N channels and for Subjecting the 
received signals of N channels to transform processing 
inverse to Said orthonormal transform processing to 
generate modulated Signals which have been modul 
lated with carriers of different frequencies correspond 
ing to N channels, 

demodulation means for demodulating Said modulated 
Signals of N channels from Said inverse orthonormal 
transform means to generate digital Signals of N chan 
nels, and 
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a receiving filter for band limitation use connected to the 

input or output Side of Said inverse orthonormal trans 
form means. 

13. A receiving apparatus for receiving, through N 
channels, Signals having been Subjected to orthonormal 
transform processing in a transmitting apparatus and trans 
mitted therefrom over the N channels, Said receiving appa 
ratus comprising: 

inverse orthonormal transform means for receiving Said 
Signals through N channels and for Subjecting the 
received signals of N channels to transform processing 
inverse to Said orthonormal transform processing to 
generate modulated Signals which have been modul 
lated with carriers of different frequencies correspond 
ing to N channels, 

demodulation means for demodulating Said modulated 
Signals of N channels from Said inverse orthonormal 
transform means to generate digital Signals of N chan 
nels, and 

parallel-to-Serial converting means connected to the out 
put Side of Said demodulation means, for converting the 
parallel digital Signals of N channels into one Serial 
digital signal. 

14. A method for transmission and reception which trans 
mits N-channels signals over N-transmission channels and, 
at the receiving Side, demodulates Said received N-channel 
Signals, Said method comprising the Steps of: 

(a) Subjecting N-channel modulated Signals to orthonor 
mal transform processing at the transmitting Side to 
generate N-channel transformed Signals of low croSS 
correlation and transmitting them over Said 
N-transmission channels, 

(b) receiving said N-channel transmitted Signals at the 
receiving Side and Subjecting them to transform pro 
cessing inverse to Said orthonormal transform process 
ing to obtain N-channel modulated Signals, and 

(c) demodulating said N-channel modulated signals into 
Said N-channel digital Signals. 

15. A method for transmission and reception which trans 
mits N-channels signals over an N-transmission channels 
and, at the receiving Side, demodulates Said received 
N-channel Signals, Said method comprising the Steps of: 

(a) Subjecting N-channel modulated Signals to orthonor 
mal transform processing at the Sending Side to gener 
ate N-channel transformed signals of low croSS 
correlation and transmitting them over Said N-channel; 

(b) multiplexing Said N-channel transformed signals and 
transmitting them; 

(c) receiving said N-channel transmitted signals from Said 
multiplexed signal at the receiving Side and Subjecting 
them to transform processing inverse to Said orthonor 
mal transform processing to obtain N-channel modul 
lated Signals, and 

(d) demodulating Said N-channel modulated signals into 
Said N-channel digital Signals. 

16. The method of claim 14 or 15, further comprising the 
Steps of converting, at Said transmitting Side, an input Serial 
digital Signal into N-channel parallel digital Signals to obtain 
Said N-channel modulated Signals, and converting, at Said 
receiving Side, demodulated Signals of Said N-channel par 
allel digital Signals into one Serial digital signal. 

17. The method of claim 14 or 15, further comprising the 
Steps of Sequentially Selecting, at Said transmitting Side, 
N-channel output signals obtained by Said orthonormal 
transform processing, then outputting them as a Serial Signal 
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and transducing Said Serial signal into an optical Signal for 
transmission over an optical fiber cable; and transducing, at 
Said receiving Side, Said optical Signal received from Said 
optical fiber cable into an electrical Signal and Sequentially 
distributing it into Nchannels to obtain Said received signals 
of Said N channels. 

18. The method of claim 14 or 15, further comprising the 
Steps of Sequentially Selecting, at Said transmitting Side, 
N-channel output signals obtained by Said orthonormal 
transform processing and Serially transmitting them over a 
metallic cable; and Sequentially distributing, at Said receiv 
ing Side, Said Serial Signal received from Said metallic cable 
into N channels to obtain received signals of said N chan 
nels. 

19. The method of claim 14 or 15, wherein said orthonor 
mal transform processing is based on a WHT base. 

20. The method of claim 14 or 15, wherein said orthonor 
mal transform processing is based on a DCT base. 

21. The method of claim 14 or 15, wherein, letting the 
vector of an input signal into Said orthonormal transform 
means at time t be represented by u(t), a complex base-band 
Signal in an i-th channel by u,(t) (where i=0,1, . . . , N-1), 
an NxNorthonormal transform matrix to be implemented by 
said orthonormal transform means by A, an element (i,j) of 
its complex number by a the vector of an orthonormal 
transform base by a the vector of the output from Said 
orthonormal transform means by V(t), and a complex output 
Signal in Said i-th channel by V(t) and letting T represent a 
transposition, 

15 

25 

u(t)=uo(t)u, (t) . . . uw (t) 

do,0 dol do..N-1 

d10 d11 (1N-1 

A = 
dio di. (ii,N-1 

(N-10 (N-11 (N-1,N-1 

a;=(aia;1 . . . aw–1) 

and Said orthonormal transform matrix A Satisfies 

where 6 is 1 when i=j and 0 when is and * is a complex 
conjugate. 
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